The purpose of this study is to assess the prevalence and related odds ratios for obesity, prediabetes, and diabetes in sexual minority men (SMM) in relation to straight men.
Conclusion
Findings indicate gay men have reduced risk for obesity while bisexual men may have increased diabetes burden. Across all male sexual orientation groups, prediabetes prevalence was low, suggesting the need for more aggressive prediabetes screening. Additional research is necessary to confirm the findings. O besity, prediabetes, and diabetes are serious public health problems. In the US, almost 75% of men are overweight or obese, placing them at increased risk for prediabetes and diabetes, among other serious health conditions. 1,2 About 37.0% of men have prediabetes, and it is estimated that only 9.4% are aware that they have the condition. Among adult men, diabetes prevalence is estimated at 12.7% (9.4% diagnosed and 3.4% undiagnosed), which modestly exceeds that for women. 3 Type 2 diabetes (T2D) accounts for about 90% to 95% of all diabetes cases. 4 T2D is characterized by insulin resistance and beta cell dysfunction. Excess weight is a primary cause of insulin resistance. In insulin resistance, muscle, fat, and liver cells do not respond properly to insulin, thereby interfering with cellular glucose entry. In turn, glucose levels rise in the bloodstream. To compensate, the pancreatic beta cells excrete increased levels of insulin. Over time, the beta cells gradually lose the ability to produce sufficient quantities of insulin to maintain normal glucose levels, often leading to prediabetes and overt T2D. 2 Prediabetes and to a greater degree T2D are associated with increased risk for microvascular and macrovascular complications with an elevated risk for cardiovascular mortality. 4, 5 While prevalence of overweight and obesity is increasingly examined in sexual minority men (SMM), fewer studies have investigated rates of diabetes in this vulnerable population, and no studies, to our knowledge, have examined rates of prediabetes among SMM. [6] [7] [8] [9] [10] [11] [12] [13] [14] Most previous investigations provide statewide populationbased estimates, which lack generalizability to the larger SMM population as prevalence of obesity and diabetes often varies from state to state. [15] [16] [17] Additionally, among SMM, estimates may be biased secondary to suboptimal measurement and concealment (particularly in ethnic/ racial minorities) of sexual orientation. [18] [19] [20] [21] Sexual and gender minorities, such as SMM, have recently been identified as a health disparities population in the US. Research strongly suggests that compared to straight men, SMM have decreased access to and utilization of health care as well as a higher burden of disease in several significant areas, including mental health, substance abuse, certain cancers, and cardiovascular disease. 6, [8] [9] [10] [11] [12] [13] [14] 21, 22 Yet the burden of prediabetes and diabetes among SMM remains less understood.
To advance understanding of health disparities in SMM, the purpose of this study is to examine the prevalence of obesity, prediabetes, and diabetes in gay and bisexual men. Using CDC 2014 Behavioral Risk Factor Surveillance System (BRFSS) survey data representing 19 states, this study represents one of the largest and most diverse samples of sexual minority men completed to date. Findings may help to inform education, practice, and national policy aimed at eliminating health disparities among sexual and gender minorities.
Literature Review
Studies tend to reveal gay men tend to have lower overweight and obesity prevalence compared to straight men. [6] [7] [8] [9] [10] [11] [12] [13] [14] Aggregating data from the 2001-2008 Massachusetts BRFSS surveys, Conron and colleagues, 7 for example, reported gay men significantly were less likely to be obese compared to straight men, with prevalence estimated at 14.0% and 21.2%, respectively. Analysis of BRFSS data from 10 states observed that gay men (18.3%) had significantly reduced odds for obesity in relation to straight men (25.8%). 6 Yet another study, analyzing 2013 and 2014 National Health Interview Survey (NHIS) data, found no significant differences in obesity prevalence between gay men (25.0%) and their straight counterparts (29.8%).
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Studies tend to indicate overweight or obesity prevalence is similar between bisexual and straight men. [6] [7] [8] [9] [11] [12] [13] [14] Using data from the 2003-2006 Washington State BRFSS, for example, a study reported that overweight (body mass index [BMI] ≥25 kg/m 2 ) prevalence was 20.6% for bisexual and 23.5% for straight men with no significant differences in rates observed. 8 Likewise, the 2013 NHIS found no significant differences in obesity prevalence between bisexual (26.3%) and straight (29.7%) men. 14 Among SMM, prediabetes prevalence remains unexamined, with no studies, to our knowledge, investigating rates of prediabetes in this vulnerable population. However, studies are increasingly examining diabetes prevalence in SMM. [6] [7] [8] [9] [10] [11] 13 Findings, for example, from the 2003-2010 Washington State BRFSS sampling sexual minority adults aged 50 years and older found no significant differences in diabetes prevalence between straight and SMM, with prevalence reported as 14.0% and 12.4%, respectively. However, bisexual men (19.7%), compared to their gay counterparts (9.5%), were found to have significantly increased odds for diabetes. 10 Excluding men with preexisting cardiovascular disease, results from the 2001-2010 National Health and Nutrition Examination Survey (NHANES) showed that bisexual men (15.4%) had significantly increased rates of diabetes compared to straight men (4.0%). 9 Yet analysis of BRFSS data from 10 states revealed no significant differences in diabetes prevalence between straight (8.2%) and both gay (6.4%) and bisexual (5.1%) men. 6 Making highly important contributions to the literature, previous studies have examined obesity and diabetes prevalence in SMM. Overall, prior work suggests gay men have reduced and bisexual men have comparable rates of obesity compared to their straight counterparts. [6] [7] [8] [9] [10] [11] [12] [13] [14] Rates of diabetes are less examined in SMM, with mixed findings reported. [6] [7] [8] [9] [10] [11] 13 Studies' mixed results may reflect varied years of data aggregation, inconsistent sampling frames, or a combination of both. Often, studies that include measures of sexual orientation lack samples representative of several states or the national US population in assessing obesity and diabetes prevalence. Previous studies have not studied prediabetes prevalence in SMM. Prior to 2014, the CDC BRFSS did not capture data on sexual orientation or gender identity (SOGI). Nevertheless, some states (eg, Massachusetts, Oregon, and Washington) independently included SOGI measures in the BRFSS. In 2014, the CDC added SOGI as an optional module to the BRFSS, with 20 states initially administering this module. Uniquely including both the BRFSS optional SOGI and prediabetes modules, the present study analyzes the 2014 BRFSS-one of the largest databases that includes sexual orientation variables to date-to assess prevalence of obesity, prediabetes, and diabetes among SMM with consideration of related factors (demographics, depression, and health care access).
Methods

Study Design and Data Source
A secondary analysis of 2014 BRFSS data was conducted. The BRFSS is an ongoing, annual surveillance system sampling the noninstitutionalized US adult population. 23 The BRFSS consists of: (1) a core component (administered across all states) and (2) optional modules (selectively administered by individual states). The core component captures demographic, health care utilization and access, health behaviors, and health conditions data. SOGI and prediabetes are optional modules. 24, 25 According to University of Connecticut Internal Review Board standards, the study was exempt given the BRFSS is a public data set prepared for public use. As such, BRFSS data are not individually identifiable, and therefore, analysis would not involve human subjects (45 CFR 46.102) . The BRFSS uses a verbal consent process.
Sample
In the present study, the sample was comprised of BRFSS respondents aged 18 years or older from the states of Delaware, Guam, Hawaii, Idaho, Indiana, Iowa, Kansas, Kentucky, Louisiana, Maryland, Minnesota, Nevada, New York, Ohio, Pennsylvania, Vermont, Virginia, Wisconsin, and Wyoming. In 2014, these 19 states completed the 2014 BRFSS optional SOGI and prediabetes modules. 26 A probability sampling design was followed. 23 
Measures
Sexual orientation was assessed by the following question and related response options: "Do you consider yourself to be (1) straight; (2) lesbian or gay; or (3) bisexual." To assess for the presence of diabetes, the BRFSS asks: "(Ever told) you have diabetes?" Response options are: (1) yes; (2) yes, but female told only during pregnancy (removed from analysis); (3) no; or (4) no, prediabetes or borderline diabetes. Response options 3 and 4 were coded to reflect the absence of diabetes. Prediabetes was assessed by the following item: "Ever been told by a doctor or other health professional that you have prediabetes or borderline diabetes?" Response options are: (1) yes; (2) yes, but female told only during pregnancy (removed from analysis); and (3) no. Obesity was assessed by BMI. A BRFSS calculated variable derived from respondent selfreport of height and weight was used to compute BMI. BMI data were dichotomously coded to reflect the presence (≥30) or absence (<30) of obesity. 24, 27 The following demographic factors were assessed: age, income, education, and race/ethnicity. . Race/ethnicity was assessed nominally using the BRFSS calculated variable for race/ethnicity categories with specific capture of white only, non-Hispanic; black only, non-Hispanic; and Hispanic only. 24, 27 Depression and health care access factors were also measured. Depression was assessed dichotomously with the following item: "(Ever told) you have depressive disorder, including depression, major depression, dysthymia, or minor depression?" In terms of health care access, 3 BRFSS items were included. Two items were measured dichotomously: (1) "Was there a time in the past 12 months when you needed to see a doctor but could not because of cost?" and (2) "Do you have any kind of health care coverage, including health insurance, prepaid plans such as HMOs, or government plans such as Medicare, or Indian Health Service?" The third health care access item was assessed ordinally: "About how long has it been since you last visited a doctor for a routine checkup?" 24 Data Analysis SAS version 9.4 was used to create a final data set for analysis. BRFSS core and optional (SOGI and prediabetes) modules were combined with generation of a new and uniform final weight as informed by the CDC. 25 Data analysis was conducted using SURVEY procedures with the CDC weighting methodology to adjust for the complex sampling design and thereby approximate estimates representative of the states' populations. This approach is warranted for generalizations from the sampled population to the general population.
To describe the sample, weighted percentages, standard errors, and 95% confidence intervals were calculated with computation of Rao-Scott chi-square test statistics for dichotomous and ordinal level variables across sexual orientation groups. Next, weighted means and standard errors were computed across groups to estimate prevalence rates of obesity, prediabetes, and diabetes, respectively. Unadjusted and adjusted (demographics [age, income, education, and race/ethnicity], depression, and health care access factors) weighted logistic regression models were developed to compare the odds of each health condition with respect to gay and bisexual men relative to their straight counterparts. Straight men served as the referent group. Missing data were handled using listwise deletion.
Results
The sample (n = 53 542) was predominately comprised of straight men (97%) with fewer gay (2%) and bisexual (1%) men. Across all male sexual groups, ethnic/racial composition was similar. Bisexual men (39%) were more frequently <35 years of age compared to their gay (33%) and straight counterparts (28%). In contrast, gay men (45%) were more often 35 to 54 years of age relative to both straight (36%) and bisexual (28%) men. Overwhelmingly, gay men (74%) tended to have increased levels of education (>high school) compared to straight (56%) and bisexual (48%) men. Bisexual men (43%) more frequently reported an annual household income of ≤$35 000 relative to straight (33%) and gay (37%) men (see Table 1 ).
Levels of depression among bisexual (31%) and gay (27%) men were about double those for straight (14%) men. With respect to health care factors, no differences were observed across groups with respect to coverage, including health insurance, prepaid plans, or government plans such as Medicare or Medicaid, among others. Likewise, reports of forgoing a doctor visit secondary to cost did not vary across male sexual groups. However, bisexual men (20%) more frequently reported greater time since their last checkup (≥5 years) relative to gay (7%) and straight (10%) men (see Table 2 ).
Obesity rates were estimated at 24% for gay men, 33% for bisexual men, and 32% for straight men. Unadjusted logistic regression modeling indicated gay men were less likely (odds ratio [OR] = 0.68, 95% CI, 0.50-0.94) to be obese relative to their straight counterparts. Reduced odds (adjusted odds ratio [AOR] = 0.70; 95% CI, 0.51-0.97) for obesity among gay men, relative to straight men, persisted following adjustments for demographics (age, income, education, race/ethnicity), depression, and health care access factors. In terms of prediabetes, rates were estimated at 10% for gay men, 8% for bisexual men, and 8% for straight men, with no significant differences observed. Yet bisexual men (17%), relative to straight men (11%), had higher rates of diabetes with increased odds for the disease (OR = 1.68, 95% CI, 1.01-2.80; AOR = 1.78, 95% CI, 1.00-3.14) in both the unadjusted and adjusted models (Table 3) .
Discussion
There are a number of challenges in estimating the size of sexual and gender minority populations. This study measured sexual orientation via self-identified labels rather than same-sex sexual behaviors or attraction. Previous studies that have defined and measured sexual orientation this way have had varied percentages from 1.7% to 5.6%. 28 In terms of the sample's ethnic/ racial composition, we observed no variations by subgroup. This finding is not fully consistent with prior work. BRFSS findings from 10 states revealed, for instance, that gay men were less racially and ethnically diverse than bisexual and straight men. 6 Similar to previous research, we found that bisexual men tended to be younger, whereas straight men tended to be older. 8, 29 Gay men had the highest levels of education, whereas bisexual men had the lowest. Previous studies report gay men have increased levels of education compared to their male counterparts. 6, 7 We found bisexual men had the lowest levels of income across groups. Income levels among bisexual men, relative to their male counterparts, vary across studies. [6] [7] [8] 29 Depression was highest among gay and bisexual men, with rates nearly 100% higher than that for straight men. These results are largely consistent with prior work. 30, 31 Among SMM, depression may be attributed to societal stigma and marginalization and related internalized homophobia. 21, 32 Internalized homophobia refers to negative self-stigma regarding one's sexual orientation secondary to the experience of related adverse societal attitudes and beliefs. 33 Research suggests the relationship of depression to internalized homophobia may be indirect through a sense of belonging to gay groups, gay friends, and the community, with lower levels associated with poorer mood. 34 With respect to health care access factors, variations in health care coverage were not observed across sexual orientation groups, with most respondents reporting coverage. A number of past studies report that bisexual men have lower levels of health care coverage, relative to straight men, while other studies do not. 10, 11, 29 Less frequently examined in the extant literature, we found rates of forgoing care secondary to cost did not vary by sexual orientation group. This finding is not fully supported by prior research. 6, 29 Additionally, we found that almost 30% of bisexual men reported ≥2 years since their last checkup or medical visit while gay and straight men were more engaged in care, with medical visits reported more recently. Gay men most often reported a medical visit in the past year, consistent with prior research. 29 In terms of health outcomes, obesity prevalence approximated 24% for gay men as compared to slightly >30% for straight and bisexual men alike. Gay men but not bisexual men had lower odds for obesity compared to straight men. Hence, findings confirm those of previous work while adjusting for a wide range of covariates (demographics, depression, and health care access factors) in a sample largely representative of the US population. [6] [7] [8] 10, 14 Observance of lower obesity rates among gay men may reflect a culture that places heightened importance on fitness than among straight men. Within this community, weight may be stigmatized while being trim and muscular may be idealized. [35] [36] [37] Gay men, as with straight men, may afford greater value to physical appearance in selecting partners relative to women. 38 In summary, a lower likelihood for obesity among gay men may reflect a number of factors, such as efforts to minimize weight-related stigma, attain an ideal body image, and physically attract others within this community.
To our knowledge, the present study is the first to assess rates of prediabetes across male sexual orientation groups. Across all male sexual orientation groups, prevalence of prediabetes was fairly similar, approximating nearly 10%. Observed prediabetes rates are low based on physiologically based estimates. An examination of 2007-2010 NHANES data assessing the presence of prediabetes with fasting plasma glucose or hemoglobin A1C indicated about 36% of the general US population has prediabetes. 39 The CDC estimate 37.0% of men have prediabetes while only 9.4% aware that they have the condition. 3 Hence, consistent with prior epidemiological research, our BRFSS findings suggest suboptimal awareness of prediabetes across male sexual groups, which may reflect underscreening for this condition. Among SMM, this may be due in part to lack of provider knowledge about health risks and health disparities among this population or patients' decreased utilization of care due to perceived or real fear of negative attitudes among health care providers toward LGBTQ persons. 21, 40 Also, research suggests only about 50% of family physicians may follow national prediabetes screening guidelines. Family physicians with negative attitudes toward prediabetes treatment, relative to those with more positive attitudes, may be less likely to report screening as a high priority. 41 Further research is needed to explore lack of adherence to evidence-based screening guidelines among sexual and gender minorities.
Results revealed bisexuals had disproportionately high rates (17%) of diabetes compared to straight men (11%), with an increased likelihood for the disease with adjustments for demographics (age, income, education, 6, 8 Elevated diabetes prevalence may also reflect compounded stress secondary to the experience of stigma, marginalization, and discrimination from both the straight majority and from within the LGBT community. 43, 44 Bisexual men may further accumulate stress over time due to sexual identity concealment and limited social resources. 21, [45] [46] [47] [48] Chronic psychological stress may increase risk for diabetes. 49 Given the obesity rates observed for gay men in this study, it was anticipated that this subpopulation would have reduced odds for prediabetes and diabetes relative to straight men. However, this was not observed. It is possible high rates of depression among gay men may have increased their risk for T2D. Depression is related to a 60% greater likelihood of T2D onset. 50 Yet depression was statistically controlled in the multivariate modeling. It is plausible that smoking and potentially suboptimal exercise levels among gay men may account, at least in part, for the unexpected findings-both of which contribute to insulin resistance, a characteristic feature of prediabetes and diabetes. 2 A compelling body of research suggests gay men have higher rates of smoking relative to straight men. 7, 8, 12, 29 A paucity of research has examined exercise levels in gay men, with results suggesting levels do not significantly vary across gay and straight men. 6, 8 Clinical Implications
Studies document that SMM may experience discrimination and suboptimal satisfaction with health care while some report medical mistrust, which may contribute to poorer health outcomes. [51] [52] [53] More optimal health care experiences and related engagement may be facilitated by professional competency in caring for sexual minority populations. Such competency concerns: (1) acquiring knowledge of issues burdening sexual minorities and understanding of related vocabulary, (2) reconciling personal views with the health care provider role, (3) creating a health care environment marked by inclusivity to negate the effect of any personal biases on the receipt of care, and (4) using identifiers as indicated by the patient. 54 Furthermore, self-management education sensitive to the needs of SMM with or at risk for diabetes that integrates shared decision making and patient-centered care principles along with psychosocial and behavioral support is indicated. 55 To improve prediabetes awareness in all male sexual groups and ameliorate the disproportionate burden of diabetes in bisexual men, interventions targeting health care providers and settings are thus warranted, as is culturally sensitive prediabetes and diabetes self-management education.
The US Preventative Task Force (USPTF) recommends screening for prediabetes given it is a modifiable risk factor for cardiovascular disease, a leading cause of mortality in the US. Specifically, the USPTF recommends prediabetes screening in those 40 years of age or greater that are overweight or obese as part of a cardiovascular risk assessment. Also, screening may be indicated at a younger age or when nonobese/overweight in the presence of a positive family history or ethnic/racial minority group status. Among the US general population with prediabetes, about 15% to 30% will develop type 2 diabetes within 5 years in the absence of adopting lifestyle changes (dietary and physical activity patterns) to improve their health. 56 Therefore, screening is crucial within this 5-year window as intensive lifestyle interventions and, less frequently, medication may ideally slow or prevent progression to T2D. 57, 58 Hence, our findings suggest more aggressive prediabetes screening in all male sexual groups.
Limitations
The present study has a number of limitations. Measurement of prediabetes was based on self-report, which likely underestimated prediabetes prevalence. Assessment of sexual identity disclosure, heterosexist discrimination, social resources, physical activity, and smoking status may have provided a fuller picture of disparate rates of obesity and diabetes across male sexual orientation groups. Also, measurement of sexual orientation was problematic. Any study employing sexual orientation as a co-determinant of health or illness must acknowledge 2 limitations: the impossibility of reducing sexuality to a single term (eg, straight, bisexual, homosexual/gay) and the likelihood that survey respondents will hesitate to disclose that identity, even anonymously. Sexual orientation entails thoughts or feelings, identity, and behavior with wide variability among bisexual populations in regard to erotic attraction to different genders and relative identification with homosexuality and heterosexuality, which the single label bisexual may not adequately capture. Moreover, depending on one's racial or ethnic identity or other cultural context (including geographic location and religious context), SMM may be more or less likely to identify with the categories gay/ homosexual or bisexual. 21 Thus, it must be acknowledged that the data of this secondary analysis may limit generalizability of the findings.
Conclusion
Analysis of BRFSS data from 19 states revealed bisexual men had an increased likelihood for diabetes relative to straight men even with adjustments for demographics, depression, and health care access factors. All male sexual orientation groups had low prediabetes prevalence based on self-report. These findings underscore the need for more aggressive prediabetes screening practices. Gay men were found to have a reduced likelihood for obesity. However, despite this finding, gay men did not have reduced odds for prediabetes and diabetes compared to straight men. Future studies are needed to confirm our findings with consideration of sexual identity disclosure, heterosexist discrimination, exercise, and smoking status, among others, to better understand associated disease burden in SMM.
